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Bacteria which were b-D-galactosidase and b-D-glucuronidase positive or expressed only one of these en-
zymes were isolated from environmental water samples. The enzymatic activity of these bacteria was measured
in 25-min assays by using the fluorogenic substrates 4-methylumbelliferyl-b-D-galactoside and 4-methylumbel-
liferyl-b-D-glucuronide. The enzyme activity, enzyme induction, and enzyme temperature characteristics of tar-
get and nontarget bacteria in assays aimed at detecting coliform bacteria and Escherichia coli were investigated.
The potential interference of false-positive bacteria was evaluated. Several of the b-D-galactosidase-positive
nontarget bacteria but none of the b-D-glucuronidase-positive nontarget bacteria contained unstable enzyme
at 44.5°C. The activity of target bacteria was highly inducible. Nontarget bacteria were induced much less or
were not induced by the inducers used. The results revealed large variations in the enzyme levels of different
b-D-galactosidase- and b-D-glucuronidase-positive bacteria. The induced and noninduced b-D-glucuronidase
activities of Bacillus spp. and Aerococcus viridans were approximately the same as the activities of induced
E. coli. Except for some isolates identified as Aeromonas spp., all of the induced and noninduced b-D-galac-
tosidase-positive, noncoliform isolates exhibited at least 2 log units less mean b-D-galactosidase activity than
induced E. coli. The noncoliform bacteria must be present in correspondingly higher concentrations than those
of target bacteria to interfere in the rapid assay for detection of coliform bacteria.

Indicators of pollution (e.g., coliforms, fecal coliforms, and
Escherichia coli) are traditionally used for monitoring the mi-
crobiological safety of water supplies and recreational water.
Several techniques for detection of coliforms and E. coli are
based on enzymatic hydrolysis of fluorogenic or chromogenic
substrates for b-D-galactosidase and b-D-glucuronidase (9, 20).
Current methods of recovery are usually culture based, and the
analysis time is 18 to 24 h. In addition to enzymatic activity,
these techniques use growth at appropriate temperatures in
the presence of inhibitors, combined with demonstration of
enzymatic activity, to selectively detect target bacteria.

Rapid methods which require less than 6 h and are based on
chromogenic, fluorogenic, or chemiluminogenic substrates for
detection of coliforms, fecal coliforms, or E. coli have been
described (1–3, 10, 27, 28). These rapid assays are based on the
assumption that b-D-galactosidase and b-D-glucuronidase are
markers for coliforms and E. coli, respectively. However, when
the incubation time is 1 h or less, growth is not a selective step,
and all b-D-galactosidase-positive or b-D-glucuronidase-posi-
tive microorganisms in a water sample contribute to the activ-
ity measured. At low initial concentrations of target bacteria
(i.e., E. coli and total coliforms), increasing the preincubation
time to 5 to 6 h did not result in a predominance of target
bacteria compared to nontarget bacteria (28).

The b-D-galactosidase or b-D-glucuronidase activity calcu-
lated per cultivable coliform or fecal coliform bacterium in
environmental samples can be 1 to 2 log units higher than the
activity per induced E. coli cell in pure culture (11, 26). The
presence of active, noncultivable bacteria can be one reason

for this. Studies of survival (7, 24, 25) and disinfection (26) of
E. coli have shown that loss of cultivability does not necessarily
result in a loss of b-D-galactosidase activity. The presence of
false-positive bacteria can be another reason.

b-D-Galactosidase has been found in numerous microorgan-
isms, including gram-negative bacteria (e.g., strains belonging
to the Enterobacteriaceae, Vibrionaceae, Pseudomonadaceae,
and Neisseriaceae), several gram-positive bacteria, yeasts, pro-
tozoa, and fungi (17, 29). b-D-Glucuronidase is produced by
most E. coli strains and also by other members of the Enter-
obacteriaceae, including some Shigella and Salmonella strains
and a few Yersinia, Citrobacter, Edwardia, and Hafnia strains.
Production of b-D-glucuronidase by Flavobacterium spp., Bac-
teroides spp., Staphylococcus spp., Streptococcus spp., anaerobic
corynebacteria, and Clostridium has also been reported (12).

High numbers of false-positive bacteria in sewage and con-
taminated water have been revealed by enumeration of b-D-
galactosidase- and b-D-glucuronidase-positive CFU on nonse-
lective agar supplemented with fluorogenic or chromogenic
substrates (11, 28). Whether the activity from nontarget organ-
isms can be neglected in a rapid assay depends on the number
of nontarget organisms compared with the number of target
bacteria and also on the level of their enzyme activity. Plant
and algal biomass must be present at high concentrations to
interfere in rapid bacterial b-D-galactosidase and b-D-glucu-
ronidase assays (8).

The main objective of this study was to investigate the en-
zyme characteristics of b-D-galactosidase- and b-D-glucuroni-
dase-positive bacteria isolated from environmental water sam-
ples and to evaluate the potential influence of false-positive
bacteria in rapid assays for coliform bacteria or E. coli in water.
The effect of temperature on enzyme activity and on the in-
terference of nontarget bacteria in the rapid assays was inves-
tigated as an important factor.
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(Some of the results were presented at the 97th General
Meeting of the American Society for Microbiology 1997, Mi-
ami Beach, Fla., 4 to 8 May 1997.)

MATERIALS AND METHODS

Isolation of b-D-galactosidase- and b-D-glucuronidase-positive environmental
bacteria. Cultivable bacteria were recovered from sewage effluent (after primary
treatment), polluted river water, or coastal water after membrane filtration (type
GSWP Millipore filter; diameter, 47 mm; pore size, 0.22 mm) by growing them on
tryptic soy agar (TSA) (Difco Laboratories) supplemented with 50 mg of 5-bro-
mo-4-chloro-3-indolyl-b-D-galactopyranoside (X-Gal) (Sigma Chemical Co.) per
liter and 50 mg of 4-methylumbelliferyl-b-D-glucuronide (MUGlu) (Diagnostic
Chemicals Ltd.) per liter for 48 h at 35°C or for 72 h at 20°C. b-D-Galactosidase-
and/or b-D-glucuronidase-positive bacteria were isolated by randomly picking
green colonies (b-D-galactosidase positive) and/or fluorescent colonies (b-D-
glucuronidase positive) from the agar plates. The colonies were purified by
streaking them onto new agar and were identified on the basis of the results of
Gram staining, the oxidase test, and the catalase test, as well as the API 20E and
API 20NE tests (gram-negative rods) and the ID 32 Staph or ID 32 Strep test
(gram-positive cocci) (bioMérieux). The isolates identified by the API systems as
Aeromonas spp. and gram-positive rods were not further differentiated.

Preparation of induced and noninduced cells. The isolated pure cultures were
grown in 10% tryptic soy broth without dextrose (TSB) (Difco Laboratories)
supplemented with 0.6 g of isopropyl-b-D-thiogalactopyranoside (IPTG) (Sigma
Chemical Co.) per liter to achieve b-D-galactosidase induction. To achieve b-D-
glucuronidase induction, TSB supplemented with 0.2 g of methyl-b-D-glucuro-
nide (MetGlu) (Sigma Chemical Co.) per liter was used unless otherwise spec-
ified. TSB without IPTG or MetGlu was used to grow noninduced cells. The
cultures were grown at 35 or 20°C depending on their temperature tolerance
until the bacterial count was approximately 108 cells per ml (stationary phase,
obtained after 1 to 4 days). Some strains showed weak growth, and the bacterial
count was only 106 to 107 cells per ml after 4 days of incubation.

Cell counts. The numbers of CFU in bacterial suspensions were determined by
using membrane filtration (type GSWP Millipore filter; diameter, 47 mm; pore
size, 0.22 mm) and TSA (Difco Laboratories) after 1 to 4 days of incubation at
35 or 20°C (depending on temperature tolerance and growth rates of the cul-
tures).

The total numbers of cells (acridine orange direct counts [AODC]) in bacterial
suspensions were determined directly by epifluorescence microscopy by using the
standard acridine orange direct procedure of Hobbie et al. (16). Aliquots were
preserved in 0.5% (wt/vol) (final concentration) formaldehyde. The AODC val-
ues below are the mean counts obtained with 200 cells or 10 microscopic fields
of view. Agglomerated cell suspensions were treated for 1 min with an ultrasonic
liquid processor (model VC 50; Sonics & Materials Inc.) before AODC were
determined.

b-D-Galactosidase assay. The b-D-galactosidase assay was performed by using
a modification of the method described by Fiksdal et al. (10). Each bacterial
culture was diluted in phosphate-buffered saline (pH 7.3) and filtered through a
0.2-mm-pore-size 47-mm-diameter polycarbonate filter (Poretics). The filter was
then placed in a 250-ml flask containing 20 ml of phosphate buffer (PB) (pH 7.3)
supplemented with 0.2 g of 4-methylumbelliferyl-b-D-galactoside (MUGal) (Di-
agnostic Chemicals Ltd.) per liter, 0.2 g of sodium laurylsulfate (Sigma Chemical
Co.) per liter, and 0.1% nutrient broth (Difco Laboratories). The flasks were
incubated in a shaking water bath at 44.5°C unless otherwise specified, and the
fluorescence intensities of sample aliquots (2.5 ml of sample and 100 ml of 10 M
NaOH) were measured every 5 min for 25 min with a Sequia Turner model 450
fluorometer with excitation at 365 nm and emission at 440 nm. At least two
replicates were analyzed. Enzymatic activity, determined by a least-squares linear
regression, was measured by determining the amount of methylumbelliferyl
(MU) released per minute per CFU. Enzymatic activity is reported below as
activity per total count in suspensions of Aerococcus viridans, Bacillus spp., and
two unidentified gram-negative rods when cell agglomeration caused the differ-
ence between the CFU and the total count to be more than 0.5 log unit.

b-D-Glucuronidase assay. The b-D-glucuronidase assay was performed like the
b-D-galactosidase assay, except that the filters were placed in flasks containing 17
ml of PB (pH 6.4), 3 ml of a MUGlu solution (50 mg of MUGlu in 50 ml of PB
supplemented with 1 drop of Triton X-100), and 0.1% nutrient broth (Difco
Laboratories).

Measurement of induced and noninduced enzyme levels. The levels of enzy-
matic activity per cell in cell suspensions, cultivated in the presence and absence
of inducer, were determined by performing the 25-min enzyme assays described
above at 44.5°C.

Temperature dependence. The levels of enzymatic activity per cell of induced
cell suspensions were determined by performing the 25-min enzyme assays de-
scribed above at 25, 35, and 44.5°C.

RESULTS

b-D-Galactosidase activity of environmental isolates. (i) Mem-
bers of the Enterobacteriaceae. The b-D-galactosidases of all

seven environmental isolates identified as E. coli were induced
by IPTG. The levels of activity per induced cell varied between
7 3 10210 and 3 3 1029 mmol of MU min21 CFU21 and were
3 to 4 log units higher than the levels of activity per noninduced
cell, which varied between 9 3 10214 and 2 3 10212 mmol of
MU min21 CFU21. The b-D-galactosidases of other bacterial
isolates belonging to the Enterobacteriaceae, including Kleb-
siella pneumoniae subsp. pneumoniae, Klebsiella oxytoca, Entero-
bacter cloacae, Citrobacter freundii, Yersinia intermedia, and
Rahnella aquatilis isolates, were also inducible, and the b-D-
galactosidase activities of these organisms were similar to the
activities of E. coli (Fig. 1).

(ii) Isolates that are not members of the Enterobacteriaceae.
All of the bacterial isolates that did not belong to the Entero-
bacteriaceae showed no or only slight (#1-log unit) induction
by IPTG (Fig. 2). The maximum levels of activity of nontarget
isolates (except Aeromonas sp. type 2 isolates) were at least 2
log units lower than the mean value obtained for E. coli (Fig.
2). If the IPTG-induced enzyme levels observed in this study
reflect environmental conditions, a CFU ratio for nontarget
and target bacteria of 101 to 104 is necessary for nontarget
bacteria to affect the b-D-galactosidase rapid assay results. The
results presented in Fig. 1 and 2 represent isolates that produce
positive b-D-galactosidase reactions on TSA supplemented
with X-Gal (green colonies). Other isolates that produce weak-
ly positive b-D-galactosidase reactions were also investigated,
but the levels of activity after growth in TSB supplemented
with IPTG were below the detection limit (,10214 mmol of
MU min21 cell21). Two of these isolates were identified as
A. viridans strains.

Temperature dependence of b-D-galactosidase activity.
When the b-D-galactosidase activities of E. coli at 44.5, 35, and
25°C were compared, the maximum activity was observed at
44.5°C (Fig. 3). Other coliforms exhibited varying temperature
dependence for this enzyme. The responses of C. freundii (Fig.
3) and some of the isolates identified as K. pneumoniae subsp.
pneumoniae and Enterobacter cloacae (data not shown) were

FIG. 1. b-D-Galactosidase activities of different members of the Enterobac-
teriaceae isolated from environmental water samples and grown in the presence
or absence of inducer (IPTG). The broad bars indicate the means, and the error
bars indicate the maximum and minimum activities of isolates identified as
members of the same species (seven E. coli isolates, six K. pneumoniae subsp.
pneumoniae isolates, two K. oxytoca isolates, and two Enterobacter cloacae iso-
lates).
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similar to the response of E. coli. The b-D-galactosidases of
Enterobacter cloacae, K. pneumoniae subsp. pneumoniae, Y. in-
termedia, and R. aquatilis (Fig. 3) were not stable at 44.5°C, and
the activity at this temperature was less than the activity at
35°C.

At 44.5°C the enzyme activities of all but three of the other
noncoliform b-D-galactosidase-positive bacteria were unstable
(Fig. 3). Aeromonas spp. were differentiated on the basis of
their b-D-galactosidase temperature characteristics. The iso-
lates with a stable enzyme at 44.5°C were designated type 1,
and the isolates with an unstable enzyme at 44.5°C were des-
ignated type 2. Similarly, isolates identified as Sphingomonas
paucimobilis with different enzyme temperature dependence
characteristics were differentiated and designated types 1, 2,
and 3 (Fig. 3). However, the two isolates with an unstable
enzyme at 44.5°C showed poor growth in API tests, and the
identification of these organisms may be questioned.

The combined effects of different temperatures and time on
substrate hydrolysis by Aeromonas spp. (type 2) are shown in
Fig. 4. While the production of MU (net fluorescence) was
nearly linear during the 30-min assay period at 35 and 25°C,
the fluorescence reached a plateau value after approximately
10 min at 44.5°C, demonstrating that enzyme destabilization
occurred. The enzymatic activity measured by the 25-min as-
say, therefore, decreased compared to activities at lower tem-
peratures. Type 2 Aeromonas spp. isolates had higher activities
than type 1 isolates, and their activities were similar to or
higher than the activities of E. coli at 25 and 35°C. However, at
44.5°C the activities of type 2 isolates were more than 1 log unit
lower than the activity of E. coli (Fig. 3). Therefore, the inter-
ference of Aeromonas spp. type 2 in a rapid assay for coliform
bacteria can be reduced by increasing the assay temperature
from 35 to 44.5°C.

b-D-Glucuronidase activity of environmental isolates. The
b-D-glucuronidase of E. coli was successfully induced by Met-
Glu. Supplementing the growth medium with 0.1, 0.2, and 0.4 g
of inducer per liter increased the b-D-glucuronidase activity

of E. coli by factors of 1.4 3 102, 1.5 3 103, and 2.2 3 103,
respectively. The other b-D-glucuronidase-positive bacteria
were not induced or were only slightly induced (,1 log unit) by
0.2 g of MetGlu per liter (Fig. 5). The activities of false-positive
gram-negative isolates and of three different gram-positive iso-
lates identified as Staphylococcus warneri strains were 0.7 to 3
log units lower than the activity of induced E. coli. If the Met-
Glu-induced enzyme levels observed in this study reflect envi-
ronmental conditions, the bacterial concentrations of these
nontarget bacteria must be correspondingly higher than those
of target bacteria to interfere in a rapid b-D-glucuronidase
assay. However, two isolates identified as Bacillus spp. and four
isolates identified as A. viridans showed enzyme levels similar
to those of induced E. coli. Therefore, the interference of these
organisms cannot be neglected when the numbers of target and
nontarget bacteria in environmental waters are similar. Other
isolates (such as Pseudomonas pickettii), which produce posi-
tive b-D-glucuronidase reactions on TSA supplemented with
MUGlu, were also investigated. The activities of these organ-
isms after growth in TBS supplemented with MetGlu were
below the detection limit (,10214 mmol of MU min21 cell21).

Temperature dependence of b-D-glucuronidase. All of the
nontarget b-D-glucuronidase-positive bacteria that were tested
exhibited stable enzyme activity at 44.5°C (Fig. 6). However, all
of these organisms except the isolates identified as Staphylo-
coccus warneri were unable to grow at this temperature. Our

FIG. 2. b-D-Galactosidase activities of different b-D-galactosidase-positive
bacteria isolated from environmental water samples and grown in the presence
or absence of inducer (IPTG). The broad bars indicate the means, and the error
bars indicate the maximum and minimum activities of isolates identified as
members of the same species (seven E. coli isolates, three Aeromonas sp. type 2
isolates, four Aeromonas sp. type 1 isolates, and two A. viridans isolates). G2,
gram negative. Numbers in parentheses indicate bacterial types.

FIG. 3. Induced b-D-galactosidase activities at 25, 35, and 44.5°C of different
b-D-galactosidase-positive environmental isolates. The datum points are means,
and the error bars indicate standard deviations for isolates identified as members
of the same species (three E. coli isolates, three Aeromonas sp. type 2 isolates,
and two A. viridans isolates). G2, gram negative. Numbers in parentheses indi-
cate bacterial types.
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results indicate that an increase in the assay temperature can-
not be used to reduce nontarget interference in the rapid b-
D-glucuronidase assay, as shown by the Bacillus spp. and A. viri-
dans data (Fig. 6).

Sensitivity limit of the rapid enzyme assays. (i) b-D-Galac-
tosidase assay. To obtain a detectable signal at 44.5°C after the
bacterial concentration was increased 25-fold by filtration, a
concentration of induced pure-culture E. coli cells of 103 CFU/
100 ml before filtration was required. For other bacteria the
following detection limits were observed: other coliforms,
103 to 104 CFU/100 ml; Aeromonas spp. (type 2), 104 CFU/
100 ml; Aeromonas spp. (type 1), 106 CFU/100 ml; different

gram-negative rods, 105 to 108 CFU/100 ml; and A. viridans,
106 to 108 cells/100 ml.

(ii) b-D-Glucuronidase assay. For nonfiltered samples the
following detection limits were observed when the filtration
procedure was similar to the filtration procedure used in the
b-D-galactosidase-assay: E. coli, A. viridans, and Bacillus spp.,
104 to 105 cells/100 ml; Staphyloccus warneri, 107 to 108 CFU/
100 ml; and different gram-negative rods, 105 to 108 CFU/100
ml.

DISCUSSION

Interference of nontarget organisms in a rapid assay de-
pends on the number of nontarget organisms relative to the
number of target bacteria. Previous studies demonstrated that
different ratios between b-D-galactosidase-positive bacteria
and coliform bacteria occur in sewage, river water, and coastal
water (11). However, the individual enzyme activities of target
and nontarget organisms are also important. Differences in the
enzyme stabilities of target and nontarget bacteria should gen-
erally be considered when it is desirable to reduce the signal of
nontarget bacteria. In this study the enzyme levels and enzyme
temperature characteristics of different environmental bacteria
were investigated. The b-D-galactosidases (18) and b-D-gluc-
uronidases (23) of target bacteria (coliforms and E. coli) are

FIG. 4. Plot of net fluorescence versus time (b-D-galactosidase activity) for
Aeromonas spp. (type 2) at 25°C (‚), 35°C (h), and 44.5°C (3).

FIG. 5. b-D-Glucuronidase activities of different b-D-glucuronidase-positive
bacteria isolated from environmental water samples and grown in the presence
or absence of inducer (MetGlu). The broad bars indicate means, and the error
bars indicate the maximum and minimum activities of isolates identified as
members of the same species (two E. coli isolates, three Staphylococcus warneri
isolates, two Bacillus sp. isolates, and four A. viridans isolates). G2, gram neg-
ative. (3), type 3.

FIG. 6. Induced b-D-glucuronidase activities at 25, 35, and 44.5°C of different
b-D-glucuronidase-positive environmental isolates. The datum points are means,
and the error bars indicate standard deviations for isolates identified as members
of the same species (two Bacillus sp. isolates, three Staphylococcus warneri iso-
lates, and four A. viridans isolates). G2, gram negative. (3), type 3.
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both inducible, and enzyme levels were studied in the absence
and presence of inducer.

b-D-Galactosidase temperature dependence. The tempera-
ture of the b-D-galactosidase assay was previously optimized by
using environmental E. coli isolates (26). Consistent with the
results of this study, the E. coli isolates showed stable enzyme
activity at 44.5°C, but the critical temperature when the en-
zyme was no longer stable varied (26). The enzyme activities of
most of the nontarget bacteria were reduced when the assay
temperature was increased from 35 to 44.5°C, indicating that a
similar increase in assay temperature should reduce the con-
tribution of nontarget bacteria in the b-D-galactosidase assay.
Such an increase can also reduce the activity of some of the
coliform bacteria (e.g., Y. intermedia), but the reductions were
in general found to be not important.

Of the nontarget bacteria, only one isolate identified as
Sphingomonas paucimobilis and the Aeromonas sp. type 1 iso-
lates had higher activities at 44.5°C than at 35°C. However, the
activity of the Aeromonas type 1 isolates was 3 log units lower
than the activity of E. coli at 44.5°C, and interference by this
organism therefore depends on high bacterial numbers.

The reported temperature dependence of different b-D-ga-
lactosidase-positive environmental isolates can be used to eval-
uate the dominant types of b-D-galactosidase-positive bacteria
in environmental samples. Sewage samples showed higher ac-
tivity at 44.5°C than at 35°C, demonstrating that organisms
with stable b-D-galactosidase at 44.5°C were dominant (26). If
the temperature optimum of a sample is low, the b-D-galacto-
sidase activity most probably is caused by nontarget organisms.

Interference of false-positive bacteria in b-D-galactosidase
assays. At 44.5°C, the enzyme activities of all b-D-galactosi-
dase-positive nontarget bacteria were 1 to 4 log units lower
than the activity of induced E. coli. Depending on the bacterial
concentration, low levels of interference can be expected with
most of the gram-negative rods, as well as the gram-positive
cocci, because of their low enzyme levels or unstable enzymes
at 44.5°C. These results are consistent with results reported by
other workers (6) for possible interference of lactose-ferment-
ing marine vibrios in a b-D-galactosidase assay for detection of
coliforms.

In the 25-min rapid assays, enzymatic activity is measured as
the amount of MU released per minute by a least-squares
linear regression. A nonlinear fluorescence-versus-time curve
sometimes occurred when environmental samples were ana-
lyzed at 44.5°C (results not shown). High numbers of Aeromo-
nas sp. type 2 cells which produced a plateau fluorescence
value after approximately 10 min or other microorganisms
responding similarly could have caused the nonlinearity. Inter-
ference by this type of nontarget bacteria can therefore be
reduced by 10 to 15 min of preincubation of the sample at
44.5°C before measurements are made.

The enzyme activity of most of the nontarget bacteria in-
creased when the assay temperature was decreased to 35°C. At
this temperature nontarget bacteria isolated from natural wa-
ter samples showed a positive chemiluminescent response at a
concentration of 102 to 106 CFU/ml when Colicult medium
supplemented with cefsulodin (28) was used. The cell concen-
trations of Aeromonas spp. (103 to 104 CFU/ml) which pro-
duced positive responses were 1 to 2 log units higher than the
cell concentrations of Sphingomonas paucimobilis and Bacillus
spp. (102 CFU/ml); i.e., these data were similar to the differ-
ence in the enzyme activities of Sphingomonas paucimobilis (1)
and Aeromonas spp. (1) observed in this study at 35°C.

Interference of false-positive bacteria in b-D-glucuronidase
assays. The b-D-glucuronidases of all nontarget bacteria were
stable at 44.5°C. Therefore, in contrast to the b-D-galactosidase

assay, an assay temperature of 44.5°C cannot be used to reduce
nontarget interference. The enzyme activities of isolates iden-
tified as Staphylococcus warneri and of some of the gram-
negative bacteria were low, indicating that the interference of
these organisms in environmental samples can be neglected,
except at high bacterial concentrations (107 to 108 CFU/100
ml). However, interference by nontarget bacteria with high b-
D-glucuronidase activities (e.g., A. viridans and Bacillus spp.
[this study], enterococci [14], anaerobic Corynebacterium strains
[5], clostridia [14], and Bacteroides species [14]) cannot be ne-
glected if these organisms are present at concentrations similar
to the concentrations of the target bacteria.

Induction characteristics. The b-D-galactosidases and b-D-
glucuronidases (or the permease cascades bringing the sub-
strate into the cells) of all nontarget environmental isolates
were less inducible than the enzymes of coliforms and E. coli.
Additional studies are needed to determine if this is true for a
larger portion of environmental nontarget bacteria. However,
this information can be used to improve the specificity of cur-
rent presence-absence methods, including growth, for detec-
tion of coliforms and E. coli by the construction of a supple-
mentary test. If parallel incubations with and without inducer
in the presence of nutrients reveal that the activity of a sample
is 2 to 3 log units higher with the inducer, this indicates that
growing target bacteria cause the activity. If not, the activity is
probably caused by either nongrowing but active target bacte-
ria or nontarget organisms.

The b-D-galactosidase and b-D-glucuronidase of E. coli are
effectively induced by the inducers IPTG (18) and MetGlu
(23), respectively. However, other b-D-galactosidase- and b-D-
glucuronidase-positive bacteria may require other inducers for
maximum activity (4, 13, 19, 21). The measured enzyme activity
depends both on the enzyme content and the permeability of
the cell membrane; addition of IPTG to Pseudomonas sp.
strain BAL-31 cells growing in rich medium induced an o-ni-
trophenyl-b-D-galactoside-hydrolytic activity which was detect-
able in cell extracts but cryptic in whole cells (15). The minor
effect of inducers on nontarget bacteria which was observed in
this study could have been caused by unsuitable inducers or by
a lack of permeases or other transport systems in the cell
membrane.

The environment of the bacteria affects the induction of
enzyme production, the permeability of the cell membrane, the
cell composition, and the bacterial cell size (22). The enzyme
level in bacteria cultivated in a laboratory does not necessarily
reflect the enzyme level in the same bacteria in the environ-
ment. However, the induced and noninduced enzyme levels of
different environmental isolates are useful for evaluating the
potential interference of nontarget bacteria in rapid enzyme
assays under optimal and suboptimal environmental condi-
tions.

Summary. The results of this study indicate that rapid en-
zyme assays without a growth-selective phase should not gen-
erally be rejected when high numbers of nontarget bacteria are
present in environmental water samples. The obvious advan-
tage of the 25-min assays is the short assay time. The assays can
be used for early warning of accidental pollution or for mon-
itoring water quality for recreation or aquaculture. Several of
the enzyme-positive nontarget bacteria isolated from environ-
mental water samples had low enzyme levels, and the influence
of these organisms can be neglected except at very high bac-
terial concentrations. However, some nontarget bacteria with
high enzyme levels, especially high levels of b-D-glucuronidase,
could interfere seriously if they are present at high enough
concentrations.

Differences in the enzyme stabilities of target bacteria and
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nontarget bacteria should generally be considered for possibly
reducing the signal of nontarget bacteria. In rapid assays not
including growth, different bacteria may tolerate different con-
centrations of organic solvents and detergents (4, 15), and
additional studies are necessary to evaluate the effect of de-
stabilizers on the specificity of rapid assays.
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